Evidence for participation of iron in lipoxygenase reaction from optical and electron spin resonance studies.
Optical and EPR studies indicate that the iron present in lipoxygenase participates in catalysis. Addition of linoleic acid hydroperoxide to lipoxygenase 1 causes an increase in abosrbance over the range of 350 to 650 nm which is reversed when linoleic acid hydroperoxide is destroyed upon the addition of linoleic acid under anaerobic conditions. Lipoxygenase 1 alone exhibits no EPR signal but upon addition of linoleic acid hydroperoxide or linoleic acid several signals appear. Addition of linoleic acid hydroperoxide results in an EPR signal at g approximately equal to 6 accompanied by a small but relatively sharp signal at g approximately equal to 2. Under anaerobic conditions the latter is replaced by a broad anisotropic signal around g approximately equal to 2. The appearance of the EPR signal at g approximately equal to 6 coincides with the change in the optical spectrum of the enzyme. When linoleic acid is added under anaerobic conditions a broad anisotropic EPR signal around g approximately equal to 2 is observed. Thus it appears that lipoxygenase can exist in two forms: (a) a resting form with a very weak absorbance in the visible range of the light spectrum and no EPR signal and (b) an active form (after addition of linoleic acid hydroperoxide) with an increased optical absorbance and EPR signal at g approximately equal to 6. This observation may be related to the earlier discovery that the lipoxygenase reaction occurs with a lag which can be overcome by addition of product hydroperoxide. The EPR experiments indicate that lipoxygenase in the active form contains high spin ferric ion. Although EPR signals in the g approximately equal to 6 region are frequently observed with heme proteins, the only nonheme protein, other than lipoxygenase, reported to show an EPR signal in this region is the phenolytic dioxygenase, protocatechuate 3,4-dioxygenase (Peisach, J., Fujisawa, H., Blumberg, W. E., and Hayaishi, O. (1972) Fed. Proc. 31, 448).